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However, LIF detection necessitates a laser light source or spectroscopes. An alternative sensitive detection scheme involves the use of chemiluminescence (CL). Because CL does not require any light source or spectroscopes, this technique holds tremendous promise for µ-TAS.
Based on know-how obtained through our research of an ordinary CE with a CL detector, [2] [3] [4] we successfully developed a microchip CE with a CL detector. 5, 6 Transition-metal ions and dansyl amino acids were analyzed by means of microchip systems using luminol 5 and peroxyoxalate reagent, 6 respectively. The microchip featured the simplest construction, in principle only two main channels, four reservoirs, a crossintersection injector, and the absence of a mixing junction for the CL reaction. However, the microchips are expensive and difficult to handle. The microchannels on the microchip are often stopped up and hard to clean by channel washing.
We proposed to develop a small-sized CE-CL detector equipped with a cross-intersection for sample injection. The small-sized CE-CL detector had the same construction as the microchip CE-CL detector, as mentioned above. A severalcentimeter fused-silica capillary was used for separation instead of microchannel on a microchip. A fused-silica capillary is economical, exchangeable, and easily modified to a coated-or packed-capillary, compared to a microchip. Taking advantage of CL for detedtion miniaturized the whole system. The present CE-CL detector is matched to the concept of µ-TAS.
Experimental
Schematic layouts of the entire capillary channel and an enlargement of the cross-intersection part are illustrated in (which corresponded to the effective separation length) was 30.0 mm. Other capillaries' lengths were 10.0 mm. The reservoirs and all of the capillaries with the intersection part were put on a slide glass (76 mm × 52 mm) and the Tygon-tube of the intersection part was fixed on the glass with a bonding agent.
All chemicals were of analytical grade and were used without further purification. Ion-exchanged water was distilled before use. The capillaries were filled with a 25 mM CH3COOH-25 mM NaOH (70:30; pH 4.93) buffer solution including 1 mM luminol and 6 mM 2-hydroxyisobutyric acid (HIBA). The buffer solution was also placed in R3 and R4. Metal ions (Co(II), Cu(II), and Ni(II); nitrates) were dissolved with a 25 mM CH3COOH-25 mM NaOH (80:20; pH 4.45) buffer solution to give sample solutions. Sample solutions were placed in R1. An H2O2 solution (50 mM) was prepared by diluting a 30wt% H2O2 solution with a 25 mM CH3COOH-25 mM NaOH (40:60; pH 12.10) buffer solution. The H2O2 solution was placed in R4. Platinum wires as electrodes were inserted into these reservoirs. A personal computer controlled the power supplies and relay device (the whole system is described in detail in Ref. 6 ).
Sample injection was simply achieved by using the crossintersection part as follows.
The sample solution was electrokinetically delivered from R1 toward R2 by applying 600 V for 30 s to R1, with R2 being held at the ground potential. In this process, the analyte stream was pinched with 300 V applied to R3 and R4 in order to prevent the sample from spreading out to the separation capillary. After the intersection was fully filled with the sample solution, 500 V was applied to R3, with R4 being grounded, allowing the sample to inject and migrate down the separation channel. Also, 340 V was applied to R1 and R2 during separation to hinder the sample in the sample load channel from leaking into the separation channel. This injection technique made it possible to introduce a definite and small sample plug.
The sample solution, which migrated with the migration buffer including luminol, came into contact with the H2O2 solution in R4 to produce visible light. The light was detected by a photosensor module (PM) (Model H5783, Hamamatsu Photonics, Inc.), which was located under R4. The output from the module was fed to an amplifier connected to an integrator.
Results and Discussion
The capillaries inserted into the Tygon-tube at right angle 7 were set up very closely, as shown in Fig. 1 , in order to make a small sample plug reproducibly. The voltage which was applied to R3 and R4 during that sample solution was electrokinetically delivered from R1 to R2 was also important for a sample plug formation. We examined the effect of the voltage on the peak shape of Co(II).
Electropherograms obtained at various voltages are shown in Fig. 2 . The highest peak was observed at 300 V with good reproducibility; the relative standard deviations of the peak height and the retention time were 5 and 3% (n = 10), respectively. The voltage was then used for this study.
The calibration curve of Co(II) was examined. It was determined over the range of 1 × 10 -7 -1 × 10 -6 M; the correlation coefficient was 0.997. The intercepts in the calibration curve did not go through a zero-zero point. This phenomenon may be explained by the adsorption of metal ions onto the inner wall of the capillary. The influence of the adsorption must not be ignored in the present device, because of an extremely small sample plug (< sub-nano liter order) which was made through the cross-intersection. Cu(II) and Ni(II) were also examined together with Co(II). The order of the magnitude of their CL intensities was as follows: Co(II) > Cu(II) > Ni(II). Their retention times were ca. 60, and 80, and 40 min, respectively.
In conclusion, CE using a several-centimeter fused-silica capillary for separation was developed, which was equipped with a cross-intersection for sample injection. The intersection part was made of a Tygon-tube. The detection was carried out by taking advantage of CL using the luminol reagent for miniaturizing the whole system. After optimizing the analytical conditions, the small-sized CE with the CL detector could determine Co(II) as a model sample over the range of 1 × 10 -7 -1 × 10 -6 M. The present device features easy handling, economical price, and the introduction of an effective separation mode using various modified capillaries, such as coated-and packed-capillaries. Furthermore, the present CE-CL detector matches the concept of µ-TAS.
